30 Piwi-interacting RNAs (piRNAs) play significant roles in suppressing transposons 31 and non-self nucleic acids, maintaining genome integrity, defending against viral production. Therefore, we speculate that a differential phase partition of PICS factors 47 may help cells to coordinate distinct cellular processes.
+/mIn1 balancer background 25 . The ust94 caused a 107 amino acids deletion and 120 frame shift, which is likely a null allele. The ust95 caused an in-frame deletion. We 121 collected about 1000 homozygous tofu-6 mutant worms of each allele, and deep 122 sequenced 18-30 nt sized small RNAs. 21U-RNAs are dramatically depleted in the 123 tofu-6 null mutants (Figs. 1C and S2A) , which is consistent with previous results of 124 tofu-6 RNAi 17 . In tofu-6(ust95) mutants, the amount of 21U-RNAs was reduced to 125 roughly half of control animals. The tofu-6(ust94) is used as the reference allele in 126 this work.
128
We then assayed the brood size of tofu-6 mutants. prg-1, pid-1, parn-1 and tofu-4 129 mutants all have progeny although these genes are essential for 21U-RNA production
130
( Fig. 1D ) [15] [16] [17] . Interestingly, the it20, yt2, and ust94 alleles of tofu-6 mutants are 131 sterile while the tofu-6(ust95) mutant still has a brood size similar to wild type 132 animals, suggesting that TOFU-6 has additional roles other than promoting 21U-RNA 133 biogenesis and tofu-6(ust95) is defective in a part of the functions (Fig. 1D ). TOFU-6 134 is required for the expression of PRG-1. In tofu-6(ust94) and tofu-6(ust95) mutants,
135
the expression levels of GFP::PRG-1 were reduced ( Fig S2B) .
136 137 tofu-6 mutant was previously reported with a maternal-effect lethal phenotype 138 and was therefore named as mel-47
26
. We used H2B::GFP as a chromatin marker and 139 observed a pronounced chromosome lagging phenomenon in tofu-6(ust94), but not in 140 tofu-6(ust95) mutant, in early embryos (Fig. 1E) . Additionally, in meta-telophase, the co-immunoprecipitation followed by mass spectrometry (IP-MS) to identify candidate 150 proteins that interact with TOFU-6 (Table S1 ). Next, we examined whether the 151 identified candidates are required for the subcellular localization of TOFU-6 by 152 feeding worms with bacteria expressing dsRNA targeting these genes. The genes that 153 are required for the perinuclear granule localization of TOFU-6 are listed in Fig. 2A .
154
Among them, PID-1, which functions to promote piRNA processing, was identified 15 .
155
In addition, we identified three new genes required for the perinuclear granule 156 localization of TOFU-6. C35D10.13 was named as TOST-1 for 157 twenty-one u antagonist-1 (see Rodrigues and Ketting, submitted in parallel).
158
Y23H5A.3 and F35G12.11 were named as PICS-1 (required for piRNA biogenesis
159
and chromosome segregation-1, see below) and ERH-2 (enhancer of rudimentary 160 homolog-2), respectively.
162
When pid-1 and pics-1 were depleted by RNAi, TOFU-6 failed to form 163 perinuclear granules, but the P-granule marker PGL-1 remained intact (Fig. 2B) . We 164 generated a deletion allele of pid-1(ust64) by dual sgRNA-mediated CRISPR/Cas9 165 technology and also obtained a balanced strain pics-1(tm2417/hT2) from National
166
BioResource Project (NBRP) (Fig. S3A ). In pid-1(ust64) and pics-1(tm2417) mutants,
167
TOFU-6 failed to form perinuclear granules as well (Fig. 2C ). The depletion of 168 several known piRNA biogenesis factors, including tofu-1/2/4, prg-1 and parn-1, did 169 not prevent TOFU-6 from forming perinuclear foci (Fig. 2C) . However, when tost-1
170
and erh-2 were depleted by RNAi, the TOFU-6::GFP foci became bigger and brighter
171
and exhibited mislocalization from the perinuclear granule zone (Fig. 2D ). The 172 protein levels of TOFU-6::GFP remained unchanged after RNAi tost-1 and erh-2
173
( Fig. 2E) . Interestingly, in pid-1(ust64), the TOFU-6 foci disassembled in meiosis 174 region, while in pics-1(tm2417), the TOFU-6 foci disassembled in both mitotic and 175 meiosis regions (Fig. S3B ). 
212
To further test whether these novel factors and TOFU-6 form a protein complex,
213
we generated single copy GFP-3xFLAG tagged TOST-1 and ERH-2 transgenes
214
(abbreviated as TOST-1::GFP and ERH-2::GFP, respectively) (Figs. S6A and S6B).
215
TOST-1 mainly accumulated in the cytosol of the germline syncytium, but not 216 significantly gathered in the perinuclear granules (Fig. 4A) which are different to TOFU-6 and PICS-1. 
268
We conclude that TOFU-6, PICS-1, ERH-2 and TOST-1 can accumulate in the nucleus to engage in chromosome segregation and cell division processes, which is 271 independent of piRNA biogenesis.
273
Identification of IFE-3 as an additional factor required for TOFU-6 binding.
274
To further understand the mechanism of PICS complex in mediating 21U-RNA In-frame deletion, aa144-253
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